Although infection with Helicobacter pylori has been listed as a carcinogen by IARC (International Agency for Research on Cancer), 1 various issues such as mode of transmission and cofactors in stomach cancer development are not well understood. Helicobacter pylori infection occurs more frequently in developing countries. Its prevalence decreases with increase in socioeconomic status within countries and suggests person-to-person transmission in unsanitary living conditions. 2,3 The prevalence of H. pylori IgG antibody in Japan was extremely high in a study of 13 developed countries with 70% of males aged 25-34 years already infected in one area. 4 Socioeconomic variables were not associated with H. pylori prevalence in our study in Japan. 5 Therefore, socioeconomic status may not explain the extremely high prevalence of this infection in Japan. Diet 5 or genetic susceptibility to acquisition of the infection 6 may be candidate risk factors for high prevalence among Japanese.
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Atrophic gastritis (AG) is considered to be a preceding condition of the intestinal type of stomach cancer. The combination of a low pepsinogen I (PGI) to pepsinogen II (PGII) ratio and a low PGI level in sera have been shown to be strongly associated with AG in healthy subjects. 7, 8 In addition, we found that the prevalence of serologically diagnosed AG, using a criterion of PGI/PGII Ͻ3.0 and PGI Ͻ70 ng/ml, correlated well (r = 0.99) with the age-adjusted mortality rate of stomach cancer in five Japanese populations 9 and that H. pylori infection increased the risk of AG. 10 In addition, a recent study reported that H. pylori infection contributed to the formation and development of histologically diagnosed AG as well as a reduction in pepsinogen levels in a high-risk Chinese population. 11 To add to information on H. pylori infection and its association with AG, we studied the prevalence of H. pylori and its association with pepsinogen among Japanese living in Brazil and Peru. Background Helicobacter pylori infection and atrophic gastritis (AG) are markedly more prevalent in Japan than in other industrialized countries, however, the reasons for such a high prevalence are not fully understood. To add to information on H. pylori infection and its association with AG, the authors studied Japanese living in less developed countries.
Methods
Cross-sectional surveys were conducted of randomly selected Japanese residents aged 40-59 years in São Paulo, Brazil and Lima, Peru. Serum IgG antibody to H. pylori and pepsinogen I (PGI) and II (PGII) were measured as markers of AG.
Results
The prevalence of H. pylori infection was similar in both populations, 77% (95% CI : 70-83) in São Paulo and 75% (95% CI : 65-82) in Lima, and was within the range of five populations in Japan from our previous study. However, the prevalence of AG, defined by PGI Ͻ70 ng/ml and PGI/PGII Ͻ3. 
Subjects and Methods
Subjects in São Paulo, Brazil were those who participated in our cross-sectional survey conducted in August 1989. 12 Briefly, 411 subjects (205 men and 206 women) including 298 aged 40-59 years (155 men and 143 women), were listed from the database of a special census survey of the Japanese population in Brazil in 1987. This estimated a population of 1 228 000 Japanese overall in Brazil and 326 000 in the city of São Paulo. The census survey consisted of a brief interview to identify households with people of Japanese origin in randomly selected areas of Brazil including São Paulo. If at least one family member was recognized as of Japanese origin, the name, sex, birth date and birthplace were ascertained for all members of the family. In the city of São Paulo, 264 randomly selected geographical areas were surveyed. Among the selected areas, a total of 273 households which included at least one family member of Japanese origin were identified. The subjects in the cross-sectional survey were selected using the following criteria: first-generation Japanese immigrants (born in Japan and immigrated to Brazil) or secondgeneration Japanese descendants (born in Brazil of Japanese parents who immigrated to Brazil) aged 40-69 years on August 1989 and resident in the city of São Paulo. A total of 251 subjects (61%, 118 men and 133 women), participated in the survey and provided blood for the study. Of these, 168 subjects (57% of 298 subjects aged 40-59 years, 81 men and 87 women), were aged 40-59 years and provided blood for the study ( Figure 1 ). The average period of living in Japan before moving to Brazil was 16.5 years (standard deviation = 11.0, range 1-45) for 36 first-generation subjects. Subjects in Lima, Peru were those who participated in our cross-sectional survey conducted in August 1995. Briefly 214 subjects (102 men and 112 women), were randomly selected from the database of a special census survey of the Japanese population in Peru in 1989. Overall 45 644 Japanese were enumerated in Peru, 32 194 in the city of Lima. The census survey counted any person of Japanese origin in all areas in Peru. In the city of Lima, a total of 7594 households which included at least one family member of Japanese origin were identified. We randomly selected 200 households in the crosssectional study and selected the subjects using the following criteria: Japanese immigrants (born in Japan and immigrated to Peru) or second-(born in Peru of Japanese mother or father who immigrated to Peru) or third-(born in Peru of secondgeneration mother or father) generation Japanese descendants aged 40-59 years on August 1995 and resident in the city of Lima. A total of 110 subjects (51%, 42 men and 68 women), participated in the survey and provided blood for the study ( Figure 1 ). Eleven subjects of the second-or third-generation had either a non-Japanese mother or father. The average period of living in Japan before moving to Peru was 28.4 years (standard deviation = 11.1, range 10-45) for seven firstgeneration subjects.
Serum samples were frozen in ice with sufficient dry-ice to be sent to Japan, where they remained frozen at -80°C. Specific anti-H. pylori IgG antibodies in sera were measured in 1996 with an enzyme-linked immunosorbent assay (ELISA) kit using an acid-extracted antigen (Helico G, Porton Cambridge, Oxford). The sensitivity and specificity of the assay were 96% and 86%, respectively, compared with gastric biopsy findings in 76 US patients who underwent endoscopy. 13 All samples were assayed in duplicate with negative and positive quality control samples on each plate. The serum sample was assayed blindly and samples from two populations were always assayed in each plate at the same time. The antibody concentration was determined by the optical density reading in relation to a standard curve, which was obtained through a calibrator using the kit. A threshold of 10 units/ml was used to discriminate H. pylori positive and negative subjects.
The PGI and PGII levels in sera were measured at a commercial laboratory (SRL Co. Ltd, Tokyo) in 1996 using radioimmunometric assay kits (PG I/PG II RIABEAD, Dinabot Co. Ltd, Tokyo). All assays were done at the same time and blindly with respect to population and H. pylori status. The criterion of PGI level Ͻ70 ng/ml and PGI/PGII ratio Ͻ3.0 was used for diagnosing AG in this study, since the prevalence using this criterion were well correlated with stomach cancer mortality at the population level. 9 The sensitivity and specificity of this criterion was 65% and 93%, respectively, compared with endoscopic findings in 200 Japanese patients. 14 The criterion of PGI Ͻ30 ng/ml is more specific to severe AG and was used to indicate advanced AG. 8 The seropositivity of H. pylori and the prevalence of AG and their 95% CI were calculated. Exact mid-P confidence limits were computed for proportions based upon less than 50 observations. 15 
Results
The prevalence of H. pylori seropositive subjects among Japanese residents in São Paulo and Lima is shown by sex, age and generation in Table 1 . The prevalence was similar in both populations: 76.8% (95% CI : 70-83) in São Paulo and 74.6% (95% CI : 65-82) in Lima. Although the percentages were slightly higher in women than in men in both populations, there was little variation in relation to sex, age group and generation within cities.
Prevalence of subjects serologically diagnosed with AG using the criterion of PGI Ͻ70 ng/ml and the ratio of PGI to PGII Ͻ3 is shown in Table 2 . The prevalence was 39.3% (95% CI : 32-47) in São Paulo and 18.2% (95% CI : 12-27) in Lima. Differences of a similar magnitude between the populations were also observed in each strata of sex, age, generation and H. pylori. The prevalence was higher in the H. pylori positive groups (45.7% in São Paulo and 24.4% in Lima) than in the H. pylori negative groups (18.0% in São Paulo and 0% in Lima).
Prevalence of subjects serologically diagnosed with advanced AG (PGI Ͻ30 ng/ml) showed a similar pattern. The prevalence was 25.0% (95% CI : 19-32) in São Paulo and 9.1% (95% CI : 5-16) in Lima. Differences of a similar magnitude between the populations were also observed in each strata of sex, age, generation and H. pylori positivity, although the prevalence was higher in the H. pylori negative groups (43.6% in São Paulo and 10.7% in Lima) than in the H. pylori positive groups (19.4% in São Paulo and 8.5% in Lima).
Discussion
The prevalence of H. pylori infection was estimated in middleaged Japanese residents living in São Paulo and Lima using randomly selected samples with 50-60% response rates within the age strata reported. The prevalence was similar in both populations, 77% in São Paulo and 75% in Lima, and the similarity was consistent in each strata of sex, age and generation. The prevalence among randomly selected Japanese men, with response rates from 61% to 78%, in five public health centre areas in Japan is shown in Table 3 for comparison. 5 The same assay kit was used to detect H. pylori antibodies. Since these subjects were men aged 40-49 years, relevant sub-samples were used for São Paulo and Lima and the prevalence was 74.5% and 71.4%, respectively, though the sample size was only 14 for There is some evidence that people moving from Japan to Peru (even short-term visitors), where sanitary conditions are poor, have been shown to be at high risk of infection, 16 though this requires further study using a large sample size and appropriate sampling method. However, the present study did not show a higher prevalence among residents of Peru than those of Japan and the prevalences were almost the same regardless of generation (immigrants or their descendants). There is also evidence that hepatitis A virus, which is known to have a faecal-to-oral route of transmission in poor sanitary conditions, and H. pylori have different modes of tranmission. 17 A crosssectional study of middle-aged populations cannot provide information on H. pylori infection in early life, where differences in H. pylori prevalence between developed and developing countries would be expected. 3 Contrary to the similar prevalence of H. pylori infection observed in São Paulo and Lima, the prevalence of AG, diagnosed by the combined criteria of serum pepsinogen level, was double in São Paulo (39%) when compared to Lima (18%). Factors other than H. pylori infection may be required to explain this differential.
The prevalence of AG among randomly selected Japanese men in five public health centre areas in Japan is shown in Table 3 with age-adjusted mortality rates of stomach cancer in 1985-1989. 5, 18 An assay kit identical to that used in the current a Exact mid-P confidence limits were computed for proportions based upon less than 50 observations. a Exact made-up confidence limits were computed for proportions based upon less than 50 observations. study was used for measuring pepsinogen levels. Mortality from stomach cancer was highly correlated with the prevalence of AG in these five areas. 9 The prevalence of AG among men aged 40-49 years in São Paulo, for which stomach cancer mortality rate was near the middle of the rates for the five areas, was slightly higher than those in the highest areas of Japan (Yokote and Katsushika-kita). A protective factor may exist in São Paulo to explain the moderate rate of stomach cancer despite the high prevalence of AG. The prevalence in Lima was unstable due to the small sample size and the age-adjusted mortality rate of stomach cancer was not available. Although the prevalence of AG (PGI Ͻ70 ng/ml and PGI/PGII Ͻ3.0) was higher in the H. pylori positive than the H. pylori negative group in both São Paulo and Lima, which suggests that H. pylori is an important risk factor for AG, the prevalence of advanced AG (PGI Ͻ30 ng/ml) was higher in the H. pylori negative group in São Paulo. In our previous study, 10 we found that H. pylori antibody titre dropped in the advanced stage of AG which indicated that H. pylori colonization was difficult in such an environment. Therefore, the prevalence of H. pylori in a cross-sectional study may be underestimated in a population where advanced AG is as prevalent as in São Paulo.
In this study, AG was determined by serum level pepsinogen, a precursor of the digestive enzyme (pepsin) present in the stomach. The relationship between their levels and histological findings was evaluated by Samloff et al., 8 in which mild/ moderate AG was associated with elevated PGII but not PGI, while advanced AG was associated with extremely low levels of PGI but not PGII, when compared with normal mucosa. These non-parallel changes in serum PGI and PGII level resulted in a parallel decrease of the PGI/PGII ratio and thus the latter in combination with PGI, was identified as a possible serological marker for the histological status of gastric mucosa. Miki et al. 7 also demonstrated that the ratio of PGI to PGII was associated with a stepwise reduction in the area of the fundic mucosa due to gastritis, which was endoscopically diagnosed using the Congo red test. Inoue et al. 14 recently reported moderate, not perfect, agreement between endoscopic findings and serum pepsinogen levels. We used a criteria of PGI/PGII Ͻ3.0 and PGI Ͻ70, because they were the most predictive of stomach cancer risk in a correlation analysis in Japan. 9 Another criteria for advanced AG that we used, low level of PGI, was also associated with risk of stomach cancer in ecological studies 19, 20 and a prospective study. 21 However, the different prevalence of AG between São Paulo and Lima needs further confirmation by histology.
The response rates in this random sampling study were 57% in São Paulo and 51% in Lima. The point estimates of prevalence of H. pylori and AG may be biased, but it is not likely that this would explain the larger difference in AG prevalence observed. However, considering the blood collection and the size of city, approximately 10 million people in São Paulo and 6 million people in Lima, these response rates were relatively higher than we expected.
In conclusion, the prevalence of H. pylori infection was similar in two populations from less developed countries and these were compatible with results from studies in Japan. However, AG was more prevalent among Japanese in São Paulo than in Lima despite similar H. pylori infection rates. Factors other than H. pylori infection may be required to explain the degree of atrophy in gastric mucosa.
